Ever since the advent of ultra-short laser pulses, means for determining their duration have been required. Although more elaborate techniques exist, interferometric autocorrelation is still the method of choice if only knowledge about the duration of potentially dispersionbroadened pulses is desired [2, 3] . This method is well established for the visible and infrared regime, yet, it is highly challenging to apply it in the ultra-violet (UV). This is due to high absorption and low detection efficiency of light generated by second-harmonic generation (SHG), the commonly applied non-linear process for autocorrelation measurements. Here we demonstrate a method which circumvents these problems by employing spontaneous parametric down-conversion (SPDC) for generating an autocorrelation signal in the infrared. We show its usability by determining the duration of ultrashort UV pulses inside an enhancement cavity, which plays an important role in novel quantum information applications for increasing the rate of down-converted photons [4] . To our knowledge, it is the only method developed so far capable of directly measuring an intracavity UV pulse duration. We will discuss the particular requirements of the new method, explain how to obtain the autocorrelation signals and present our results. Let us start by relating SPDC-detection to autocorrelation functions. Consider collinear type-II SPDC in the single mode approximation [5] . For small pumping powers [6] this yields the state
withâ † H andâ † V as the creation operators generating a photon from the vacuum |0 with horizontal (H) or vertical (V) polarization, respectively. The constant α contains the nonlinear crystal's parameters and E p represents the pump pulse electric field. Consequently the SPDC process generates in its n th order emission 2n photons (n horizontally and n vertically polarized). Upon coincidence detection of exactly 2n SPDC photons one isolates the n th term of eq. 1 and obtains count rates proportional to the pump field | (E p ) n | 2 . The n th -order correlation function [7] 
can thus be determined directly from the coincidence detection of 2n SPDC photons with a pump pulse timing analogue to the one used in SHG-based autocorrelation: For determining the numerator in eq. 2 the SPDC has to be pumped by a coherent superposition of two pulses E p (t) and E p (t − τ ), delayed by a time τ , whereas for the denominator terms the SPDC pump consists of only one field E p (t) or E p (t − τ ) at a time.
As a first demonstration, we apply this method to determine the temporal duration of UV pulses centred at 390 nm circulating in an ultrafast enhancement cavity ( Fig. 1(a) ). Previously this cavity has been shown to enhance the yield of multi-photon entangled states significantly [4] . However, the question arises, how short the pulses still are, given the dispersion of the mirrors and the nonlinear crystal. To answer this, pump pulses, obtained from a titanium sapphire laser with subsequent frequency doubling, are split into two copies by a Michelson interferometer prior to cavity coupling. One output of the interferometer is directly observed by a photodiode (PD 1), the power level (PD 2) and the UV spectrum inside the cavity are both measured in transmission behind a cavity mirror. The n th order autocorrelation function can now be observed by placing a BBO crystal (1 mm tick, oriented to phasematch type-II collinear degenerate SPDC) in one of the foci of the cavity. The emitted photons are coupled out of the cavity by a dichroic mirror and propagated through a single mode (SM) fiber into a linear optics set-up for photon number counting [8] . There, photons are split into six distinct spatial modes, each equipped with a polarization analysis unit, enabling coincidence detection between up to six photons simultaneously generated by SPDC. Measuring the g n (τ )-functions necessitates interferometric stability of the pulse separation τ , phasematching of the nonlinear process over the spectrum of the UV pump and the absence of background noise in detection. The latter requirement is satisfied by the low dark count probability of coincidences detected with silicon avalanche single photon detectors. Interferometric stability during the measurement time of 8 s per datapoint in the correlation functions is certified by a stable intensity on PD 1 ( Fig. 1(b) ). Its fluctuations are negligible compared to the total intensity variations in the g 1 PD1 (τ ) interferogram. It is crucial for this method that the bandwidth of the detected SPDC photons is sufficient for determining the pulse duration. Thus the phasematching, as well as the coupling into the fiber and detection set-up have to be chosen such that no spectral cut-off is introduced. The spectrum observed behind the linear optics set-up matched the the predicted SPDC spectrum modelled with a sech-shaped pump pulse with ∆λ FWHM = 1.06 nm (see discussion of Fig. 2 (c) below, measured value 1.06 ± 0.01 nm) [9] , as shown in Fig.  1(c) . Additionally it is necessary that the coupling between the spectral cavity modes and the frequency comb modes of the external pulses is constant throughout the measurement [10] . Since the spectrum of the pulses at the interferometer output is dependent on τ , the locking parameters of the cavity [4] are chosen appropriately to guarantee this [11] . The first order correlation function is accessible at three points: outside the cavity on PD 1, inside the cavity on PD 2 and by the two-photon count-rates (HV) measured in our linear optics set-up ( Fig. 2(a) and (b) , respectively). Higher order correlations g 2 (τ ) and g 3 (τ ) (Fig.  2(d) ) were measured by counting four-(HHVV) and sixfold coincidences (HHHVVV). The phase of the interferometer introducing the time delay τ was set to multiples of 2π to maximize the pump power inside the cavity. Thus only the upper envelope in the g n (τ )-functions has been observed. The interferometer also introduces some residual transverse mode mismatch, resulting in a degraded interference visibility. This leads to lower peakto-background ratios in the g n (τ )-functions, yet without loss of phase information or disturbance of the envelope shape. For data evaluation, we assume a sech-dependence of the electric fields E p (t) = a · E 0 · sech t ∆t and E p (t − τ ) = b · E 0 · sech t−τ ∆t with a and b used to model reduced interference between the delayed pulse components. We obtain for the envelope of the correlation function [11, 12] . The left inset shows the conversion factor γ, relating the FWHM of g 2 (τ ) to the FWHM pulse duration τ pulse , over the interference visibility for sech-pulses. In the right inset the HHHVVV coincidences are displayed with the g 3 (τ ) expected from the g 2 (τ ) parameters. Error-bars and color coding is as in (b).
Note that the cavity coupling has been optimized for the E p (t) field, thus a is set to 1 and b consequently accounts for the spatial mode mismatch and a reduced cavity coupling of E p (t − τ ). Contrary, for g 1 PD1 (τ ) measured on PD 1 both pulses contribute fully to the background signal and (2ab)/(a 2 + b 2 ) corresponds to the interference visibility [11] . The measured data for g 1 PD1 (τ ) is shown in Fig. 2(a) . The intra-cavity UV power level, yielding g 1 cav (τ ), is given in Fig. 2(b) and g 1 HV (τ ) as deduced from the HV coincidences in the inset. Fits according to eq. (3) are displayed by red lines. We achieve comparable interference visibilities [11] of 0.71 inside and 0.77 outside the cavity. The minimal, i.e., Fourier transform (FT) limited pulse durations τ FT can be extracted from the full width half maximum (FWHM) ∆τ g 1 of the first order correlation functions by the relation τ FT = 0.4048 · ∆τ g 1 for sech-shaped pulses [12] . The UV pulses prior to cavity coupling are consequently found to have a minimal duration of τ ext FT = 126 ± 11 fs. Compared to this we find τ cav FT = 150 ± 16 fs and τ HV FT = 140 ± 17 fs, respectively, for pulses circulating inside the cavity. This intracavity pulse broadening stems from the dispersion of the BBO and air inside the resonator, which reduces the spectral width of light resonant with the cavity [10] . The resulting spectral narrowing can also be investigated by examination of the pulse spectrum S(λ), derived from g 1 (τ ) by FT [14] . These spectra are depicted in Fig. 2(c) together with the directly measured data (fit by S(λ) = sech 2 ∆tπ 2 c/λ for a sech-pulse). We obtain FWHM spectral widths of ∆λ ext = 1.26 ± 0.01 nm, ∆λ cav = 1.07 ± 0.04 nm and ∆λ HV = 1.14 ± 0.05 nm. The direct measurement yielded a FWHM ∆λ meas. = 1.06 ± 0.01 nm in good agreement with the value of the intra-cavity g 1 (τ )-function ∆λ cav . Next, the intra-cavity pulse duration is determined from HHVV coincidences, yielding g 2 (τ ). The recorded data are displayed in Fig. 2(d) together with a fit by eq. (4). The peak-to-background ratio is 4.18 : 1. Ideally 8 : 1 is expected, but this ratio is reduced by imperfect mode matching between the interfering pump pulses E(t) and E(t − τ ). Importantly, the conversion factor γ between the FWHM ∆τ g 2 of the g 2 (τ )-function and the true pulse duration τ pulse = γ · ∆τ g 2 depends on the interference visibility, shown in Fig. 2(d) . The value of 0.5895 [13] for perfect interference modifies to 0.582 for a visibility of 0.75 extracted from the HHVV coincidence data [11] . Thus we obtain τ pulse = 176 ± 14 fs for the intracavity UV pump pulses, revealing an additional dispersive broadening of approximately 30 fs inside the resonator. Notably, six-photon events, providing additional information about the pulse symmetry [14] , have also been observed ( Fig. 2(d) ). The data agree with the theoretical model, yet, the statistics are not sufficient to allow statements on the pulse shape. An improvement could be obtained here by active interferometer stabilization, allowing longer measurement times. In summary we have shown a novel method to determine the duration of ultra-short UV pulses. Using SPDC allows one to obtain higher order correlation functions by detection of near-IR photons. The higher order emissions from SPDC enable registration of several correlation functions g n (τ ) simultaneously. We have applied this method to measure the duration of pulses circulating in an optical enhancement cavity. We estimate pulses to be about 176 fs long and dispersion broadened by approximately 30 fs. The method demonstrated here is a valuable tool for pulse metrology in the UV as it allows efficient analysis also for this wavelength regime. Additionally, it could be extended to achieve a more complete pulse reconstruction, e.g. by frequency resolved optical gating [2] . This work was supported by the EU program Q-ESSENCE (Contract No. 248095), the DFG-Cluster of Excellence MAP, the EU project QAP and the DAAD/MNISW exchange program. P. M. and W. W. acknowledge support by the EU project FASTQUAST and QCCC of the Elite Network of Bavaria, respectively.
